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THE origin of the native hydrocarbons has attracted a great 
deal of attention within the past few years, chiefly, perhaps, on 
account of the important economic questions connected with 
the subject. Yet notwithstanding the fact that various mining 
engineers, chemists, and geologists, each with a good knowledge 
of the facts, have devoted much thought to this subject, very 
wide differences of opinion upon the modes in which these de­
posits have been formed still prevail. This may be partly due 
to investigators giving exclusive attention to one set of occur­
rences, or to one particular view, without their taking into 
account the possibility that similar results may have arisen 
through the operation of widely different causes. Those who 
have brought extended knowledge to bear upon this difficult 
question know full well that no single explanation of the origin 
of the natural hydrocarbons is applicable to every known case. 
In attempting an explanation of this, as of so many other 
natural operations, we have therefore to keep steadily in mind 
at least the possibility of these products, as a whole, having 
originated in very different ways. 
The literature connected with this subject is now so volumin­
ous that it is next to impossible even to refer to the whole of 
the authors by name. Nor is it possible, or perhaps necessary, 
to attempt to notice more than a few of the theories which have 
VOL. VII. PART III. I 
July 4, 2015
 at West Virginia University onhttp://trned.lyellcollection.org/Downloaded from 
122 EDINBURGH GEOLOGICAL SOCIETY. 
been advanced regarding the origin of the hydrocarbons. In 
the present communication, therefore, attention will be confined 
to observations upon such views as have met with more or less 
general acceptance. To these it is proposed to add some further 
observations which have been suggested by a wide survey of the 
facts at present known. 
Amongst the many views which have been advanced is one 
which appears to .find considerable favour with geologists, and 
especially with those of Scotland. Noting the fact that some of 
the principal deposits of oil shale are found in those areas of 
Carboniferous Eocks where coal seams occur in intimate associa­
tion with eruptive rocks, geologists have perceived in this 
association a case of cause and effect. It has been stated, with 
a good show of reason, that where eruptive rocks have made 
their way upward through strata containing much carbonaceous 
matter, this has undergone distillation, and the volatile products 
have risen from the parent source to a higher level where they 
have eventually undergone condensation. No one can for a 
moment deny that such a process does take place now, and we 
may safely affirm that it has done so in the past. But much of 
the evidence adduced in support of the view that such has been 
the case in any special district, such as in the Lothians, breaks 
down on closer examination. For example, one of these evi­
dences was supposed to be afforded by the anthracite and 
various bituminoids which occur in connection with eruptive 
rocks near Linlithgow, Elie, St Andrews, the Calton Hill, 
Arthur Seat, and Craiglockhart Hill.1 In regard to these 
bituminoids it is now known almost for certain that they 
are due to the effects of high temperatures upon limestone, 
by which calcium carbide has been formed. From this, by 
the operation of other causes (which in these days when acete-
lyne gas is so much used are now well understood), various solid 
hydrocarbons have resulted,2 and indeed the occurrence of the 
diamond in connection with volcanic necks may well be an 
extreme case due to the same cause. Modern researches in 
chemistry have taught us that there is no necessary connection 
between the occurrence of such carbon compounds as graphite 
and anthracite (and therefore diamond) and organic agency. 
Hydrocarbons, in the great majority of cases undoubtedly of 
1
 Specimens of these minerals from each of these localities are on view in the 
Heddle Collection, now exhibited in the GaUery of Scottish Geology and 
Mineralogy in the Edinburgh Museum of Science and Art. 
2
 This explanation of the origin of the anthracite of the Calton Hill, &c, was. 
first made public by the writer of this, at the meeting of the Edin. Geol. Socy* 
in Feb. 1897. 
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organic origin, may also arise through the operation of causes of 
a purely inorganic nature, in like manner to limestones, as I 
have before shewn (Proc. Eoy. Physical Socy., vol. x. p.* 98 
(1889). Geol. Mag., Feb. 1889. Trans. Edin. Geol. Soc, 1889). 
Assuming, however, that certain hydrocarbons may arise 
through the distillation of the volatile constituents of coal-seams 
by the heat from contiguous eruptive rocks, let us briefly con­
sider what form the results would take. Several factors are 
concerned in such an operation. Amongst these may be stated 
—(1) The chemical composition of the seam when first affected 
by the heat emanating from the intrusive mass. (2) The 
temperature of the molten mass, its chemical composition, and 
the period through which it remained hot. (3) The lithological 
character of the sedimentary rocks affected by the intrusive 
mass, the distance of the coal seam from the bounding surfaces 
of the molten rock, and the thickness of rock overlying both. 
(4) The quantity of water present. (5) The form of the intru­
sive mass, whether a sheet, a dyke, or a neck rock. Given a 
series of coal-bearing strata, which are overlain by other strata 
of a suitable kind, and are afterwards invaded by a sill of erup­
tive rock, and we have all the conditions requisite for the dis­
tillation, and the subsequent condensation at a higher level, of 
such hydrocarbons as are volatile at the temperature to which 
the rocks were raised. It would probably not be at all difficult 
to point to many cases in the Lothians, and probably elsewhere 
also, where this combination of conditions may have given rise 
to the results here indicated. 
On the other hand, as perhaps might have been expected, 
there exist many cases to which the explanation just given 
would not seem very well to apply. We can, perhaps, best 
approach the study of these after considering how eruptive rocks 
would affect carboniferous strata under conditions different from 
those just mentioned. It is undoubtedly true that, in replacing 
the rocks they invade, intrusive masses do very frequently keep 
to one definite geological horizon, and they do this, in some 
cases, over hundreds of square miles. The Whin Sill of the 
North of England is a case in- point. But quite as often they 
cut across the bedding at every imaginable angle. An intrusive 
mass may thus directly underlie a given coal seam at one point, 
while at another, only a few yards off, the same intrusive mass may 
lie on a geological horizon higher or lower by many yards. In all 
cases of intrusion the isogeotherms—if one may so term them— 
resulting from the intrusion of the heated mass, must range 
approximately parallel to the bounding surfaces of the intruder, 
except, of course, where marked differences of thermal conduc­
tivity exist in the rocks so invaded. In the case of an intrusive 
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mass which cuts across the bedding of the rocks instead of con­
forming to it, both the distillation and the subsequent condensa­
tion of any hydrocarbons must therefore be, from the very nature 
of the case, extremely irregular, and quite unlike the regularly-
stratified beds confined to one definite geological horizon, with 
which we are accustomed to meet in the case of beds of oil 
shale. The most that could happen in such a case would be the 
formation of a series of carbonaceous aureoles on horizons where 
suitable conditions for the redeposition of the hydrocarbons 
existed in the neighbourhood of the intrusive mass. 
The next point to be noticed is the very important one, that 
coal-bearing strata which have been invaded by intrusive sheets 
occur in districts where oil shales are quite unknown. In the 
Upper Carboniferous Eocks of the Basins of the Forth and the 
Clyde there is a concurrence of such conditions, and yet oil 
shales on these horizons are either imperfectly represented or 
else are altogether absent. 
On the other hand, confining our attention to the Lothian 
Oil Shales for the present, we find that they are practically all 
restricted to one geological horizon in the Lower Carboniferous 
rocks, which horizon is in the strata, between the Hurlet Lime­
stone (which is of Yoredale age) and the top of the Sandstones 
of Salisbury Crags (which sandstones correspond in position 
and lithological character to the Lower Limestone Shales of 
English geologists). True coal seams within the boundaries 
named are rare, and are almost never of any great thickness. 
Again, it is by no means the case that the oil shales are confined 
to the neighbourhood of the intrusive rocks. Mr Cadell's well-
known and valuable paper on the " Oil Shales of the Lothians " 
—Trans. Mining Institute of Scotland—and his equally valuable 
work on Sheet 32 of the Geological Survey of Scotland, have 
given geologists abundant opportunity of making themselves 
fully acquainted with both the geological position and the geo­
graphical distribution of these deposits in the district referred 
to, so that we need no longer remain in doubt in regard to the 
facts. 
Field evidence throws a certain amount of light upon the 
relations which the oil shales bear to associated deposits of 
sedimentary origin. Eegarded as they occur over a large area, 
they are seen to form members of a series of deposits which 
have carbonaceous shales and sandstones as their chronological 
equivalents in one part of a given area—in the direction whence 
the source of the materials is supposed to have lain—and coal 
seams and limestones in the opposite direction—that in which 
deeper-water conditions are believed to have prevailed. Like 
coal seams, some oil shales are traceable for many miles in a 
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given direction, with but little variation in character; while in 
other cases they may pass within short distances into ordinary 
carbonaceous shales, into cannel coal or into blackband iron­
stone ; or they may be interbedded with thin bands of chemi­
cally-formed limestone, generally of the type represented by 
the well-known limestone of Burdiehouse. Any explanations 
of the origin of the oil shales which is intended to apply to all 
the known cases must take full cognisance of these facts. 
W e will now pass on to consider one or two such explana­
tions, each of which will probably be found to hold good in 
particular cases, but no one of which is capable of universal 
application. One of these views is based upon the assumption 
—doubtless a good one in many eases—that the carbon com­
pounds which confer upon oil shales and allied rocks their 
large percentage of bituminoids, are due to the decomposition 
of matter of animal origin. Fish, mollusca—animals of any 
kind whose remains find their way into water, are supposed 
to have contributed their share. 
That animal life abounded in the waters in which oil shales 
were deposited, no one who knows these rocks as they occur in 
the field can for a moment entertain any doubt. Nor is it 
possible to feel any doubt that, if the local circumstances were 
of such a nature as to arrest or to delay the processes of de­
composition to which all dead animal matter is subject, the 
carbon, hydrogen, &c, which largely go to make up these 
organic compounds, might well—in fact must—go to form 
materials very similar in their composition to those which make 
up the bituminoids in question. There is no difficulty in at least 
conceiving that such concurrence of circumstances may again 
and again have arisen, both on the land and below the sea, by 
which dead matter of animal origin has been converted into 
hydrocarbon compounds. We know that, as a rule, organic 
matter of animal origin is very rapidly decomposed into its 
components, which components, when liberated under water, 
produce some geological effects of considerable importance. 
What may be the precise nature of the circumstances under 
which such animal matter is prevented from decomposition of 
the normal kind, but, instead, passes into bituminoids, is a 
question which must be left for students of organic chemistry 
to answer, if the answer is to be to the satisfaction of geologists. 
Whatever causes may have combined to bring about a 
mingling of half-decomposed animal matter with the mud and 
fine clay whose thin films were giving rise to the formation of 
oil shales, it is quite certain that they must have been of a very 
exceptional nature ; for shales containing so large a proportion 
of hydrocarbon as to be of commercial value occur only in two 
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British deposits, to wit, the lower half of the Lower Carbon­
iferous rocks, within a small area in the Lowlands of Scotland, 
and a thin band in the Upper Jurassic Bocks — in the 
Kimeridge Clay of Dorset In all other British formations, 
and even in. these mentioned beyond the area named, de­
composition of animal matter (which, of course, must have 
occurred in abundance on innumerable horizons) appears to 
have proceeded so far in every case as to leave not a trace 
of any bituminoids behind. 
With organic matter of vegetable origin, the case, of course, 
is far different. But how this vegetable matter could at one 
point contribute to the formation of sandstones, as it does at 
Craigleith and at Hailes Quarries, near Edinburgh ; at another 
point give rise to coal seams; and at a third, all within the 
same geological period, give rise to oil shales, is again a 
question for a reply to which we must once more turn to the 
Chemist. 
My friend Dr Heddle, himself a chemist of renown, and at the 
same time one of our foremost pioneers in much that relates to 
Scottish geology, warns me at this point against the danger of 
venturing into a domain unfamiliar to me, but within which 
he himself is so much at home. Geologists, he says, with much 
truth, have often committed serious errors in wandering from 
their own territory into that of their neighbours, and especially 
into that claimed by the chemists. He is right, I feel sure; but 
when he and his fellow-workers have been repeatedly invited to 
take up questions of this kind, they have generally declined to 
do so, without giving any reason. What can geologists do, there­
fore, but take up the question themselves, and reason out an 
answer to it by means of observations made from their side of 
the border ? In other words, it appears to me that we may get 
some kind of suggestion as to how at least a few of these facts 
have arisen from a careful study of the facts themselves. This 
I will now attempt to do. 
We must begin by reviewing the chief points of importance 
connected with the mode of occurrence of hydrocarbons and 
their commoner associated substances in rocks in process of for­
mation to-day, and then go on to consider those formed in past 
ages. (1) In regard to their geographical distribution—this may 
be said to be world-wide. (2) The age of the strata from which 
these compounds are obtained extends from Becent times back to 
the Older Palaeozoic Period. (3) They occur equally in association 
with, and far removed from, rocks of eruptive origin. (4) They are 
not confined to strata which have undergone mechanical dis­
turbance, but occur almost as frequently amongst rocks which 
show no sign of any such earth-movements. (5) In a great 
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majority of cases they are associated with strata which there is 
other reason for regarding as having been formed in closed 
bodies of water, under sub-humid, or at the most, sub-arid, 
climatal conditions. (6) And, lastly, they are very generally, 
though not invariably, associated with rock salt, gypsum, and 
other deposits commonly associated with these mineral sub­
stances. 
In regard to the deposits of rock salt and gypsum, it is gene­
rally recognised at the present day that these must be looked 
upon as deposits from precipitation, which have been thrown 
down in closed bodies of inland water, in which the water 
brought into the lakes by their feeders is mainly dissipated by 
evaporation. In such bodies of inland water the tributary 
streams transfer from the air and the land considerable quan­
tities of various substances, which, carried down in solution, are 
eventually deposited in the solid form as the water evaporates. 
Of these substances, one we are at present concerned with is 
rock-salt (which, driven up from the sea during storms, after­
wards forms the nuclei of rain drops; and is thus again trans­
ported seawards, under normal conditions of drainage). The 
other is gypsum, which is mainly derived—perhaps directly— 
from the land. Along with these substances transported in 
solution there often occurs more or less organic matter, amongst 
which vegetable remains predominate. To gain a clear idea 
regarding the kind of conditions I have in view, I would ask the 
reader to endeavour to realise what is occurring now in the lower 
part of the Valley of the Jordan, and in the terminus of that 
valley, the Dead Sea. This is an area of inland drainage where 
the conditions as regard rainfall are sub-humid, or, at the most, 
sub-arid. The district drained is mostly calcareous, therefore the 
Jordan carries down much lime in solution, partly as carbonate, 
partly as sulphate. Bain carries down Chloride of Sodium and 
Chloride of Magnesium (both of them being, I believe, mainly 
derived from sea-spray), mostly in the form of the nuclei of rain­
drops. The Jordan sweeps down considerable quantities of vege­
table matter—for the Jordan Valley itself is well-wooded. As the 
whole of the water carried in by the Jordan escapes by evapora­
tion, the dissolved substances are either left in solution, or else 
are precipitated. So we have a strong solution containing 
Chlorides of both Sodium and Magnesium, as well as other 
chlorides. "With these the river carries from the land solutions 
of Sulphate of Lime, together with organic matter, chiefly of 
vegetable origin, in larger or smaller quantities. Bitumen 
occurs in considerable quantities, apparently formed in thin 
sheets at the bottom of the Dead Sea, whence, after earthquakes, 
it is dislocated, and eventually rises to the surface, and floats 
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ashore, where for a long time it formed the chief source of 
supply of the bitumen used by the Ancients. 
If we study the lakes occurring in the inland drainage area 
of Central Asia, much the same facts come to light. Those 
which receive water supplies from regions where vegetation in 
some form or other occurs, all show deposits of rock-salt, gypsum, 
together with one or other of the bituminoids or hydrocarbons, 
solid or liquid. 
If we study the Pitch Lake of Trinidad, there again we find 
this marked association of bituminoids and sulphates. (In this 
case the explanation of the association is, it seems to me, just 
the same as I would apply to the other cases, even though at 
first sight there may appear to be important differences.) The 
same is true in Sicily. 
If now, instead of considering what this explanation may be, 
we pass on to consider what one may term the fossil examples 
of the same kind, facts and associations of precisely the same 
nature come to light. Whether we study the Miocene lacus­
trine phenomena of Central France, the deposits of Jurassic age on 
the Continent or in Britain, or the Older Palaeozoic rocks, where 
these bituminoids in one or other of their many forms occur, in 
nearly all cases do we find the same association of rock salt and 
gypsum (or, if not these, yet clear evidence of exceptional con­
ditions of deposit) with the occurrence of bituminoids. In the 
Caithness Mags we have an excellent example of one of the 
many manifestations of the same nature. This particular case 
the reader will find discussed in some detail in a paper specially 
dealing with this subject, which is published in the Proc. Boy. 
Physical Society, 1897. 
In almost eveiy case where the nature of the rocks suggests 
formation in lagoons (i.e., bodies of sea-water temporarily cut off 
from the sea, and containing dissolved salts more or less con­
centrated by evaporation), or in areas of inland drainage, do we 
find the association of sun-cracked surfaces, pseudomorphs of 
rock-salt, with deposits of dolomite, gypsum, and one or other 
of the bituminoids. Not to go far afield for an example which 
does not pertain to the Oil Shale Series, we have it in the Sand­
stones of Salisbury Crags, in which the abundant occurrence 
of sun-cracked surfaces, the parti-coloured sandstones (whose 
colouring matter consists of ferric oxide, ferrous silicate, glau-
conite, and ferric hydrate), the calcareous breccias due to broken 
up crusts of precipitated carbonate of lime and dolomite, pseudo­
morphs of rock-salt, and other phenomena of the same general 
nature, we still find traces of bituminous matter. 
This marked association, so often referred to here, seems to 
suggest what is the most likely explanation—or one, at -any 
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rate, which, as an hypothesis, may be tested by applying it to 
new cases as they arise. This is based primarily upon the 
fact, long known to chemists, that macerating organic matter, 
especially that of vegetable origin, and water containing 
weak solutions of sulphate of lime, bring about reciprocal 
reactions upon each other. The decomposing organic matter 
robs the sulphate of a part of its oxygen, which goes to form 
CO, whereupon the remaining sulphide readily passes further 
into the condition of carbonate, which may be precipitated, and 
in that form be either diffused through the strata forming, or 
may segregate into nodular masses. This is the origin of the 
Cornstones of the Upper Old Eed, which mark the reactions 
consequent upon the arrival in the Old Eed Lakes of remains 
of the earliest of the Carboniferous vegetation. It was this 
which gave rise to the very remarkable limestone of Burdie-
house, which consists of alternations of thin laminae of oil 
shales, more or less calcareous in character, with equally thin 
laminae of chemically-precipitated carbonate of lime, much of 
which is in the form of small pellets, not unlike the oolite 
granules now forming in the Great Salt Lake of Utah. It is 
also the origin of the material which, subsequently broken up, 
forms the calcareous breccias of the Salisbury Crag Sandstones. 
The dolomite and limestone bands and nodules in the Caithness 
flags, and the bituminoids associated therewith, have originated 
in the same manner. (See the paper above referred to, and 
also Geol. Mag., July 1889, p. 314; and Proc. Geol. Assoc. 
(Excursion to North-West Cumberland), 1889, p. 51.) 
The reciprocal action lies in the fact that ligneous matter, 
and especially the looser vascular tissues of the lower forms of 
plant life, in the presence of solutions of sulphates in water, 
tends to dissolve, and to be converted into oily or gummy 
compounds. It is this cause, I have long believed and taught, 
which tends to obliterate the structure in so much of the 
vegetable matter that forms coal.1 The vascular tissues so 
dissolved form the cherry coal, the vascular tissues which have 
been simply macerated form the cannel layers, while the 
ligneous matter forms the "mother of coal." Innumerable 
alternations of these may be found in some Scottish coals 
within the thickness of a few inches. (This view is held on 
the assumption that coal is of subaqueous origin, formed in 
deltas, and not on the land.) It is this same cause that makes 
the muds and clays of many deltas so highly carbonaceous, as 
is referred to at some length by Credner, in his article on 
Deltas in "Petermann's Mittheilungen," xii. No. 63, p. 16 (1878). 
At present we have no means of judging what is the exact 
1
 See the writer's paper on the Origin of Coal, quoted above. 
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nature of the reactions now specially under consideration; 
but that it does actually take place no one who will carefully 
consider the facts can reasonably doubt. I have been led to 
conclude, from the study of a large body of facts, that the 
results are dependent chiefly upon the proportion which the 
quantity of sulphate in solution bears to that of the vegetable 
matter acted upon. Where the solutions are strong, and the 
quantity of vegetable matter relatively small, I should expect 
that the change proceeds so far as to dissolve the whole, at least 
of the vascular tissues, of the vegetable matter in question, to 
a kind of slime, in which form it would be readily mingled 
with, or diffused amongst, strata forming at the time. The 
bark of the lepidodendroids and other carboniferous vegetation 
appears to have been able to resist these solvent actions to a 
large extent. In the case of' the Burdiehouse Limestone, for 
example, there is evidence of repeated alternations of carbonate 
of lime, in the form of small pellets (whose precipitation is due 
to the breaking up of the sulphate of lime by decomposing 
vegetable matter) and layers of more or less bituminous marl. 
I should suppose that this limestone was found in a lagoon, or 
perhaps in a series of lagoons, in which the water became 
concentrated, sometimes to a greater, sometimes to a lesser, 
extent; and that at intervals the quantity of vegetable matter 
was only just sufficient to bring about precipitation of the 
matters in solution; at other times it was in excess, and the 
vascular tissues of the plants, being dissolved by the solutions 
of the sulphates, passed into the mucilaginous condition, and 
in this form was diffused through, or became interstratified 
with, the chemically-formed limestone. 
If this case stood alone such an hypothesis would perhaps 
hardly be needed; but that is by no means the case. If we 
adopt this explanation of the origin of the bituminoids as a 
working hypothesis we can readily perceive what is the source 
of the bitumen of Judsea—it simply represents the vegetable 
matter transported by the Jordan into the Dead Sea, and there 
dissolved in consequence of prolonged maceration in water con­
taining considerable quantities of sulphates in solution. 
The Pitch of Trinidad also appears to be due to the action 
of solutions of sulphates, which have risen through, and have 
bituminised, a subterranean bed of peat. 
The bitumens of Sicily are produced in essentially the same 
manner, by the uprise of solutions of sulphates through deposits 
of carbonaceous matter. 
Lastly, as regards the oil shales of the Lothians, I hold that 
they, too, were formed in lagoons of the old Carboniferous delta. 
It is quite possible that in many cases these may have been 
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formed in connection with the Carboniferous volcanoes—though 
the connection is by no means a necessary one. Into these 
lagoons (in which sea water, or even river water, was under­
going evaporation, and in which the dissolved salts were 
gradually concentrated) were swept from time to time quantities 
of the same vegetation which elsewhere was being carried 
seaward from the land to form coal seams. Coming into 
contact with water containing dissolved sulphates, much of the 
vascular tissues of the vegetable matter underwent solution, 
and was eventually converted into mucilage, in which form it 
was diffused throughout the beds of laminated clay and mud 
then in process of formation. As the proportion between the 
saline and other constituents dissolved in the water, on the one 
hand, and the vegetable matter swept into it, on the other, 
varied to an almost infinite extent, corresponding variations in 
the character of the shales were exactly what might be expected. 
The reciprocal reactions between the sulphate of lime and 
the vegetable matter gave rise to the precipitation of bands of 
impure and often ferruginous or dolomitic limestone, and of 
nodular masses of the same. Some of these enclosed more or 
less of the bituminous compounds, which were in consequence 
left sometimes as mineral pitch, sometimes even as anthracite, 
in the septal cracks formed in these nodules. This explanation 
readily accounts for the passage of the oil shales into shales 
of the ordinary type in one direction, or into cannel or even 
into blackbancl in the other, and also for their association with 
septarian nodules of clay ironstone. 
Summary.—The general conclusion to be drawn from these 
considerations is that, while some hydrocarbons are undoubtedly 
produced by purely inorganic action {e.g., the anthracite of the 
Calton Hill, &c.) and some by process of distillation, other 
hydrocarbons allied to the paraffines and bituminoids are due 
to organico-chemical agency. The hydro-carbonaceous matter 
of one set of these may represent organic matter of animal 
origin, which has been preserved from putrefaction and de­
composition by some antiseptic solutions, whose nature is at 
present unknown. Others, and these the majority, it is here 
suggested, may be due to vegetable matter being swept into 
closed bodies of water containing a higher percentage than 
usual of sulphates in solution, which sulphates have converted 
the vascular tissues of the vegetable matter into mucilaginous 
compounds. These have been incorporated, as fast as they were 
formed, with the mineral sediments in process of formation at 
the bottom of the lakes or lagoons, and have thus given rise to 
beds of oil shales. 
July 4, 2015
 at West Virginia University onhttp://trned.lyellcollection.org/Downloaded from 
